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a  b  s  t  r  a  c  t
The  acute  phase  protein  orosomucoid  (ORM)  has  anti-inﬂammatory  and  immunomodula-
tory  effects,  and  may  play  an  important  role  in the  maintenance  of  metabolic  homeostasis
in  obesity-induced  low-grade  inﬂammation.  Even  though  the pig is a  widely  used  model
for obesity  related  metabolic  symptoms,  the  expression  of  ORM  has  not  yet  been  charac-
terized in such  pig  models.  The  objective  of this  study  was to  investigate  the  expression
of  ORM1  mRNA  in liver,  visceral  adipose  tissue,  subcutaneous  adipose  tissue  (SAT)  from
the abdomen  or  retroperitoneal  abdominal  adipose  tissue  (RPAT)  and  SAT  from  the  neck,
as well  as the  serum  concentration  of  ORM  protein  in  three  porcine  obesity  models;  the
domestic  pig,  Göttingen  minipigs  and Ossabaw  minipigs.
No  changes  in  ORM1  mRNA  expression  were  observed  in obese  pigs  compared  to  lean
pigs in  the four  types  of tissues.  However,  obese  Ossabaw  minipigs,  but  none  of  the  other
breeds, showed  signiﬁcantly  elevated  ORM serum  concentrations  compared  to their  lean
counterparts.  Studies  in humans  have  shown  that  the  expression  of  ORM  was  unchanged
in adipose  tissue  depots  in obese  humans  with  an  increased  serum  concentration  of ORM.
Thus in this  respect,  obese  Ossabaw  minipigs  behave  more  similarly  to obese  humans  than
the other  two pig  breeds  investigated.. IntroductionObesity is accompanied by low-grade systemic
nﬂammation, which may  contribute to development
f obesity-associated metabolic abnormalities, such as
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atherosclerosis, type 2 diabetes and cardiovascular dis-
eases (Bastard et al., 2006; Federico et al., 2010; Gil et al.,
2007). A number of immune factors are involved in this
low-grade inﬂammation and several of these factors are
produced in the adipose tissues as well as other tissues
(reviewed in for example Fain, 2010; Fantuzzi, 2005).
A well-regulated acute inﬂammatory response is a self-
limiting and localized non-adaptive response to tissue
destruction/perturbation, whether it is of infectious or of
aseptic origin. In contrast, the inﬂammatory response seen
in obesity is systemic and chronic with few acute clinical
manifestations, being rather characterized by a slightly
gy and 326 T. Rødgaard et al. / Veterinary Immunolo
perturbed inﬂammation marker serum proﬁle and having
no easily deﬁnable targets (Fain, 2010). Prolonged and
exaggerated inﬂammation is known to be detrimental to
the host tissue and several studies have shown that even
small changes in the levels of inﬂammation markers such
as acute phase proteins (APPs) are associated with serious
long-term complications (Ebeling et al., 1999; Ridker et al.,
1998, 2000).
Orosomucoid (ORM), also known as alpha-1 acid-
glycoprotein, is a member of the APP family and is
synthesized mainly hepatically, however, extrahepatic
synthesis has been reported including in adipose tissue
(Fournier et al., 2000). ORM has anti-inﬂammatory and
immunomodulatory properties, including anti-neutrophil
and anti-complement activity functions (Hochepied et al.,
2003; Williams et al., 1997). Humans have two  isoforms
ORM1 and ORM2 and pigs have one isoform (Fournier et al.,
2000; Stone and Maurer, 1987). ORM is induced in response
to metabolic and inﬂammatory signals in the adipose tissue
of several types of obese mice accompanied by an increase
in plasma concentration (Lee et al., 2010). Serum ORM con-
centrations in obese humans are signiﬁcantly higher than
those seen in lean individuals (Alfadda et al., 2012; Lee et al.,
2010), however, no relationship between ORM1 expression
in adipose tissues and ORM serum levels of obese humans
could be demonstrated. In addition no differential expres-
sion in adipose tissues in obese humans was found (Alfadda
et al., 2012). We  have been unable to identify any pub-
lished data examining the mRNA expression of ORM in liver
and adipose tissues between lean and obese humans. The
presence of ORM1 in adipose tissues may  help maintain
metabolic homeostasis by suppressing local and systemic
inﬂammation (Lee et al., 2010). Interestingly, evidence sug-
gests that porcine ORM is a negative APP (Skovgaard et al.,
2009), as opposed to all other investigated mammals. The
expression of ORM in obese pigs has not been thoroughly
investigated, even though the pig is growing in popularity
as a model animal for obesity (Litten-Brown et al., 2010),
however, a proteomic analysis of blood serum in lean and
obese Ossabaw pigs on an atherogenic diet demonstrated
increased serum concentrations of ORM in the obese pigs
(Bell et al., 2010).
In this study we investigated ORM gene expression in
liver and adipose tissues, as well as ORM serum protein
concentrations in three types of lean and obese pigs; the
domestic pig, the Ossabaw and the Göttingen minipig. As
both the Ossabaw and Göttingen minipigs have been pro-
posed to be very good model animals for human obesity
(Bellinger et al., 2006; Litten-Brown et al., 2010), they are
expected to have a similar ORM response as humans, i.e.
no differential ORM1 expression in adipose tissues of obese
pigs and raised ORM serum levels in obese pigs compared
to lean (Alfadda et al., 2012; Lee et al., 2010).
2. Materials and methods
2.1. Animals, diets and sampling2.1.1. Domestic pig (Danish landrace/Yorkshire)
All experimental procedures involving domestic pigs
(intercross containing 75% Danish Landrace:25% Yorkshire)Immunopathology 151 (2013) 325– 330
were approved by the Danish Animal Experiments Inspec-
torate. They were all female and reared and housed in
the same experimental stables of Aarhus University (Tjele,
Denmark). At three months of age the pigs were fed a
high-energy diet (containing 10% sugar and 10% soy oil, as
described by Christensen et al. (2012)) ad libitum (obese,
n = 10) or at 60% intake (lean, n = 9). At 8–9 months the pigs
were euthanized and tissue samples from liver, abdominal
s.c. adipose tissue (SAT) (a combination of deep and super-
ﬁcial SAT), mesenteric fat surrounding the appendix (VAT)
and s.c. fat from the neck (neck SAT) were obtained and
snap frozen in liquid nitrogen, and blood was collected for
serum preparation. Tissue and serum samples were kept at
−80 ◦C until analysis.
2.1.2. Göttingen minipigs
All experimental procedures involving Göttingen
minipigs were approved by the Danish Animal Experi-
ments Inspectorate. Female, ovariectomized Göttingen
minipigs (Ellegaard Göttingen Minipigs A/S (Dalmose,
Denmark)) were housed at the University of Copenhagen
(Taastrup, Denmark). The obese pigs had previously been
used in pharmacological studies with therapeutic peptides,
but had been subjected to a suitable wash-out period prior
to this study. Lean pigs (n = 7) were fed minipig standard
chow; Altromin 9023 2× 150 g a day and obese pigs
(n = 7) were fed minipig standard chow; Altromin 9033 ad
libitum. The minipigs were euthanized at 41–47 months of
age with pentobarbital and tissues were collected from the
liver, neck SAT, cranioventral retroperitoneal abdominal
adipose tissue (RPAT) and VAT and snap frozen in liquid
nitrogen, and blood was collected for serum preparation.
Tissue and serum samples were kept at −80 ◦C until
analysis.
2.1.3. Ossabaw minipigs
All experimental procedures involving Ossabaw minip-
igs were approved by the Indiana University Animal Care
and Use Committee and complied fully with the Guide for
the Care and Use of Laboratory Animals and the Ameri-
can Veterinary Medical Association Panel on Euthanasia.
Female Ossabaw miniature swine were obtained from the
Indiana University School of Medicine and Purdue Univer-
sity breeding colony (West Lafayette, IN, USA). At the age of
6 months, pigs were divided into two  groups and fed either
a lean standard chow diet of 2200 kcal per day with 10.5%
of the total energy derived from fat (lean, n = 7) or an excess
calorie fructose and fat atherogenic diet of 4500–6000 kcal
per day with 43% of the total energy derived from fat (obese,
n = 5) for 30–40 weeks (Lee et al., 2009). At the end of
the feeding programs animals were euthanized by cardiec-
tomy under anaesthesia induced by tiletamine-zolazepam
(5 mg/kg) and xylazine (2.2 mg/kg) given intramuscularly.
After euthanasia, samples of liver, abdominal SAT and VAT
were collected and snap frozen. No neck SAT samples
were collected from Ossabaw minipigs. Liver samples were
retrieved from all animals while adipose tissue samples
were obtained from 4 of the lean pigs and 3 of the obese
pigs. Blood was  collected for serum preparation. Serum and
tissue samples were stored at −80 ◦C until analysis.
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.2. RNA extraction
For all types of pigs liver RNA was extracted using
Neasy Lipid tissue Midi kit (Qiagen, Copenhagen,
enmark) according to the manufacturer’s protocol and
ny DNA present was removed from the samples using
n-column RNase-free DNase digestion (Qiagen).
Extraction of RNA from the adipose tissues of the lean
omestic pigs was done as described in (Rødgaard et al.,
012), using approximately 1 g of tissue.
For four of the obese domestic pigs, abdominal SAT
NA was isolated by the column-based RNeasy Lipid tis-
ue Midi kit (Qiagen) according to manufacturer’s protocol
nd treated with on-column RNase-free DNase digestion
Qiagen). For the remaining 6 obese domestic pigs, and the
AT and neck SAT of all the obese domestic pigs, a similar
ethod was used but without the columns. Brieﬂy, approx-
mately 1 g of adipose tissue was homogenized with QIAzol
ysis Reagent (Qiagen), and chloroform was added. After
entrifugation, isopropanol was added to the upper, aque-
us phase. After another centrifugation step the pellet was
ashed three times in ethanol and RNA was dissolved in
Nase-free water.
For extraction of RNA from the adipose tissues of the
öttingen and Ossabaw minipigs, approximately 1/2 g of
dipose tissue was homogenized with QIAzol Lysis Reagent
nd centrifuged. Chloroform was added followed by iso-
ropanol after centrifugation. The pellet was washed 2
imes in ethanol and RNA was dissolved in RNase-free
ater.
RNA yields were measured on a NanoDrop (Spec-
rophotometer ND-1000, NanoDrop Technologies Inc, USA)
nd the RNA integrity number (RIN) was determined
y electrophoresis in the Agilent 2100 Bioanalyzer (Agi-
ent Technologies, CA, USA), with the use of Agilent
NA 6000 Nano Kit (Agilent Technologies) according to
he manufacturer’s protocol. 500 ng of total RNA was
everse transcribed using the QuantiTECT Reverse Tran-
cription kit (Qiagen), according to the manufacturer’s
nstructions.
.3. Quantitative real time PCR (qPCR)
qPCR was performed on a Rotor-Gene Q instrument
Qiagen) using SYBR Green Jumpstart Taq Readymix with-
ut MgCl2 (Sigma, Brøndby, Denmark). Each sample was
un in triplicates for the ORM1 gene and for two reference
enes (GAPDH and RPL13A) that were pre-selected based on
revious experiences with the samples (data not shown)
sing GeNorm (Vandesompele et al., 2002). Non template
ontrols (NTC) and samples without reverse transcriptase
n the cDNA synthesis were included as negative controls.
rimers were designed as described previously (Skovgaard
t al., 2009). Primers are described in Table 1.
The following cycling parameters were used: 5 min  at
5 ◦C followed by 40 two-step cycles of 5 s at 95 ◦C and
0 s at 60 ◦C (for ORM1)  or 62 ◦C (for GAPDH and RPL13A).
elting curves were generated after each run (from 50 ◦C
o 99 ◦C, increasing 1 ◦C/5 s) to conﬁrm ampliﬁcation of a
ingle PCR product. Expression data were acquired usingImmunopathology 151 (2013) 325– 330 327
the Rotor-Gene Q series software, v. 2.0.2 (Qiagen) and
exported to GenEx5 (MultiD, Göteborg, Sweden).
2.4. Serum protein quantiﬁcation with enzyme-linked
immunosorbent assay (ELISA)
ORM was  analyzed by a competitive catching ELISA in
which a mouse monoclonal antibody speciﬁc for porcine
ORM was  used as the catching antibody in the coating layer
(1.62, prepared in-house, Heegaard et al., in preparation).
This was followed by simultaneous incubation with sample
and biotinylated ORM puriﬁed from a porcine serum pool.
Pooled pig serum calibrated against a porcine ORM calibra-
tor (Saikin Kagaku Institute Co. Ltd., Japan) was used as a
standard. The detection limit of the assay was  50 g/mL.
Outliers were identiﬁed by Grubbs outlier test (Grubbs,
1969), and removed from the dataset.
2.5. Data analysis and statistics
qPCR data pre-processing was done using GenEx5.
Data were corrected for differences in PCR efﬁciencies for
each primer assay individually and the geometric mean
of the reference genes was used to normalize all sam-
ples. Relative expression for all samples was calculated
relative to the least expressed samples for each primer
assay. Gene expression data were log 2 transformed in
order to ﬁt a normal distribution prior to one-way ANOVA
with Tukey–Kramer posttest. Statistics were performed
in GraphPad Prism v.5.02 (GraphPad Software, California,
USA). For ELISAs signiﬁcance was  tested using a two-tailed
unpaired t-test. Changes were considered to be signiﬁcant
if p ≤ 0.05. Data are expressed as the mean ± standard error
of the mean (SEM).
3. Results and discussion
ORM has been implemented in maintaining metabolic
homeostasis and suppressing obesity-induced low-grade
inﬂammatory responses (Lee et al., 2010), therefore we
studied the expression of ORM in lean and diet-induced
obese pigs from three obesity relevant breeds. For all
breeds, the mean body weight at the time of slaughter was
signiﬁcantly higher for the obese animals than for the lean
animals (domestic pigs – 119.1 ± 3.2 (lean) vs. 170 ± 4.9 kg
(obese), p = 0.03; Göttingen minipigs – 50.3 ± 1.6 (lean)
vs. 92.6 ± 5.2 kg (obese), p < 0.0001; Ossabaw minipigs –
60.4 ± 7.6 (lean) vs. 100.0 ± 3.3 kg (obese), p = 0.008).
The Ossabaw minipig is the only breed in this study
to show obesity-associated elevated serum levels of ORM
(Fig. 1). Previous studies (Lee et al., 2009) have shown a
high number of signiﬁcant differences in blood parame-
ters of obese Ossabaw pigs compared to lean pigs with
signiﬁcantly elevated levels of total cholesterol (p = 0.03)
and triglycerides (p = 0.02) (and insulin, though not sig-
niﬁcantly, p = 0.10). According to Christensen et al. (2012)
the only obesity feature affected in domestic pig is total
cholesterol (p = 0.01) and in the Göttingen minipigs the
only obesity feature affected by obesity was  fasting insulin
(Moesgaard et al., in preparation).
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Table 1
Primers used for qPCR.
Gene symbol Gene name Primer sequence Amplicon
length
MgCl2 Run
efﬁciency
R2
ORM1 Orosomucoid 1 F: AGTCCTGAGCCTCCTTCCTC
R: GCCGAGCCGATATAATACCA
123 3 mM 1.10 0.988
GAPDH Glyceraldehyde-3-
phosphate
dehydrogenase
F:  ACCCAGAAGACTGTGGATGG
R: AAGCAGGGATGATGTTCTGG
79 1.5 mM 1.08 0.992
RPL13A Ribosomal protein L13a F: ATTGTGGCCAAGCAGGTACT
R: AATTGCCAGAAATGTTGATG
Fig. 1. Serum protein concentrations of ORM. Measured with ELISA. n = 6
for  the lean Ossabaw pigs, n = 4 for the obese. n = 7 for lean and obese
Göttingen minipigs, and n = 9 for the lean domestic pigs, n = 10 for the
obese.
Fig. 2 shows the expression of ORM1 in the three pig
breeds. Due to gene expression below detection level in
some of the Ossabaw minipig samples, the number of sam-
ples from these groups became too small for the samples
to be evaluated statistically (obese VAT n = 2, lean VAT
n = 2, obese abdominal SAT n = 2, lean abdominal SAT n = 1).
Domestic and Göttingen pig groups both showed a ten-
dency towards a decreased relative expression of ORM1 in
VAT of obese compared to lean pigs (p = 0.16 and p = 0.12,
respectively) while in the two measurable Ossabaw VAT
obese-lean sample pairs ORM1 expression was increased
in the obese samples.
Fig. 2. Expression of ORM1 in domestic pig, Göttingen and Ossabaw minipigs in
Relative to lean expression (set to 1). (A) Domestic pigs: Lean group – n = 8 (live
n  = 10 (abdominal and neck SAT) and n = 7 (VAT). (B) Göttingen minipigs: Lean gro
n  = 7 (liver and neck SAT), n = 4 (RPAT) and n = 3 (VAT). (C) Ossabaw minipigs: Lean
n  = 4 (liver), n = 2 (abdominal and neck SAT).C
76 3 mM 0.97 0.997
No changes in serum ORM concentration was  observed
in obese domestic pigs and obese Göttingen minipigs,
however, obese Ossabaw minipigs showed a signiﬁcant
increase in the serum concentration of ORM compared to
lean (Fig. 1). The ORM concentration in the lean group cor-
responded well with the baseline ORM concentration in
non-obese, healthy Ossabaw pigs (unpublished).
No ORM1 mRNA response correlating with the ORM
serum response was found in this study, looking at ORM1
responses in liver, abdominal SAT/RPAT, VAT and neck
SAT, suggesting other sources of serum ORM. As previ-
ous studies have shown, other tissues and cells show ORM
expression (Fournier et al., 2000), although not to the same
level as the liver and adipose tissues (Lee et al., 2010).
This is very different from the synthesis of ORM in a nor-
mal  acute phase response during infection, where hepatic
secretion is the main contributor to ORM in serum with no
activity in the adipose tissues in several species (Fournier
et al., 2000). Furthermore, it is remarkable that the response
of ORM to obesity in pigs is similar to human response,
with raised serum concentrations in obesity, as a previ-
ous study suggests that ORM is a negative APP in pigs
during acute infection (Skovgaard et al., 2009). This fact
only adds to the usability of the pig as a model for human
obesity.
The Göttingen minipigs are older (41–47 months of age)
than the Ossabaw minipigs (14–16 months of age) and the
domestic pigs (8–9 months of age), and it is very possi-
ble that the innate immune features involved in systemic
 liver, abdominal SAT/RPAT, VAT and neck SAT as measured with qPCR.
r and VAT), n = 9 (abdominal and neck SAT). Obese group – n = 9 (liver),
up – n = 6 (liver), n = 5 (RPAT) and n = 7 (VAT and neck SAT). Obese group:
 group – n = 7 (liver), n = 1 (abdominal SAT) and n = 2 (VAT). Obese group:
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nﬂammation differ with age in pigs, as in humans (Gomez
t al., 2005), although no difference in gene expression was
ound between breeds. Another difference is that the diet of
he Göttingen minipigs, in contrast to that of the other two
reeds, did not contain high proportions of fat and/or sugar,
hich has previously been shown to result in adiposity and
igns of metabolic syndrome (Dyson et al., 2006; Johansen
t al., 2001; Lee et al., 2009). However, the Göttingen minip-
gs had been obese for a longer period of time than the other
wo breeds, which is closer to the situation in human obe-
ity. In the domestic pigs, previous studies have shown that
therogenesis can be induced in domestic (Yorkshire) pigs
ollowing 4–12 weeks of feeding with excess fat and choles-
erol (Gerrity et al., 1979, 2001). However, even though the
omestic pigs in this study were fed a diet with excessive
at and sugar for more than 12 weeks (up to 6 months) the
easured plasma indicators did not indicate atherogenesis
n the obese pigs, except for the elevated total cholesterol
evels (Christensen et al., 2012).
To our knowledge, no studies have compared expres-
ion of ORM in adipose tissue between obese and lean
umans, therefore it was not possible to determine
hether the unchanged adipose expression of ORM in
bese compared to lean pigs is in agreement with human
dipose tissue expression.
In summary, this investigation compares the similarities
f three types of obese pig models (domestic, Göttingen and
ssabaw) and humans in terms of expression levels and
erum levels of ORM. Our results, although obtained with
 limited number of pigs provide evidence that only the
ssabaw minipig responds similarly to obesity as humans,
ith a higher serum ORM concentration in the obese pigs.
his reinforces Ossabaw minipigs as a promising model
or human obesity. As is the case in humans, no relation-
hip between circulating ORM levels and its expression in
ither liver or adipose tissues was found in the three breeds.
urthermore, no differential expression of ORM1 in the
dipose tissues were found, as in obese humans (Alfadda
t al., 2012). No studies have been made into the differen-
ial mRNA expression of ORM in lean and obese humans,
owever, studies in mice have shown an up-regulation in
dipose tissues in obese compared to lean mice (Lee et al.,
010), and it would therefore be interesting to see if this is
he case as well in humans.
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